Chemical shifts for the unusual DNA structure in Pf1 bacteriophage from dynamic-nuclear-polarization-enhanced solid-state NMR spectroscopy.
Solid-state NMR spectra, including dynamic nuclear polarization enhanced 400 MHz spectra acquired at 100 K, as well as non-DNP spectra at a variety of field strengths and at temperatures in the range 213-243 K, have allowed the assignment of the (13)C and (15)N resonances of the unusual DNA structure in the Pf1 virion. The (13)C chemical shifts of C3' and C5', considered to be key reporters of deoxyribose conformation, fall near or beyond the edges of their respective ranges in available databases. The (13)C and (15)N chemical shifts of the DNA bases have above-average values for AC4, AC5, CC5, TC2, and TC5, and below average values for AC8, GC8, and GN2, pointing to an absence of Watson-Crick hydrogen bonding, yet the presence of some type of aromatic ring interaction. Crosspeaks between Tyr40 of the coat protein and several DNA atoms suggest that Tyr40 is involved in this ring interaction. In addition, these crosspeak resonances and several deoxyribose resonances are multiply split, presumably through the effects of ordered but differing interactions between capsid protein subunits and each type of nucleotide in each of the two DNA strands. Overall, these observations characterize and support the DNA model proposed by Liu and Day and refined by Tsuboi et al., which calls for the most highly stretched and twisted naturally occurring DNA yet encountered.